The purpose of this paper is to compare two avatars made using direct and manual methods and to evaluate the fit and appearance of two virtual garments on the direct and manual avatars. In this study, two subjects were measured by [TC] 2 body scanner and the avatars and virtual garments were created by OptiTex software. The direct avatar was made by the direct importation of 3D body scan data and the manual avatar was made by manual input from extracted body measurement. Two virtual garments in a tank-top were evaluated by distance, transparency, and stretch maps. In the results of comparing difference of the direct and manual avatars, the bust and back of the manual avatar are protruded slightly more than that of the direct avatar and the manual avatar is slightly larger dimensions at the bust, waist, abdomen, and hip area in the side view in case of subject 1 and 2. In the results of comparing difference of the fit and appearance of two virtual garments on the direct and manual avatars, in case of subject 1 and 2, the back of the virtual garment on the manual avatar are protruded more than that of the direct avatar. Also, the ease in the bust area of the virtual garment on the manual avatar with a projected bust area was smaller than that of the virtual garment on the direct avatar and the stretch of that of the manual avatar was also high in the bust area. The results of this study are expected to be used as basic information in the apparel industry using virtual try-on technology.
Ⅰ. Introduction
New technologies, including the commercialization of the 3D body scanner and the development of 3D shape reconstruction and 3D virtual garment simulation, are currently being used in web-based applications and information technology; the fashion industry is thus being digitalized on a full scale. Human shape modeling technology based on the 3D body scanner uses computer graphics and computer geometry and has developed such applications as 3D pattern CAD and 3D virtual garment simulation. Recently, 3D virtual garments have been applied to 3D virtual bodies so that the fit and appearance of clothing can be determined without the clothes having to be made or tried on. Virtual garment tech- nology is categorized into two methods: the development of the 3D avatar in the 2D plane, and the 3D virtual try-on using the 2D flat pattern. 14) In the first method, the development of the 3D virtual avatar in the 2D plane includes studies of pattern manufacturing by developing the spatial shape of 3D human skin surfaces, cutting them in 2D planes 15, 16) and placing the basic apparel patterns on the 3D virtual avatars and developing them in 2D planes as if they were draped. 17, 18) In the second method, 2D flat patterns are created using apparel CAD software; then, they are virtually sewn into 3D patterns, which are subsequently simulated on the 3D virtual avatars.
19～21)
Many studies on virtual avatars and garments have addressed the draping characteristic of virtual fabric, 22～24) but the fit and appearance of virtual garments on virtual avatars have not been studied sufficiently.
Internet fashion product sales require that customers be able to view their avatars wearing virtual clothes to enable them to determine if the clothes will look good on them. Therefore, the success of Internet fashion product sales will depend on whether customers can determine which clothes are suitable by trying on the virtual garments using customer avatars having precise body sizes and shapes using virtual simulation technology. 25, 26) In this study, the fit and appearance of virtual garments tried on direct and manual virtual avatars were compared in order to propose a virtual avatar and garments suitable for the apparel and fashion industry. 
Ⅱ. Methods
In this study, the fit of virtual garments on a direct and manual virtual avatar was evaluated using the OptiTex software system.〈Fig. 1〉shows that the methodology for this study was created to evaluate the fit of two virtual garments on the direct and the manual virtual avatars.
.V i r t u a lA v a t a r s
In this study, [TC] 2 body scanner was used to measure the subject's body and OptiTex software system was used to create the virtual avatars and garments.
The direct virtual avatar (virtual me) was created by using the subject's 3D body scan data and the manual virtual avatar (virtual twin) was created by using the subject's body measurement. Finally, the image of the manual virtual avatar (virtual twin) was overlapped on the direct virtual avatar (virtual me) and the differences (DF) of the sizes between two different virtual avatars were measured in the chest, bust, waist, and abdomen areas.
.V i r t u a lG a r me n t s
In this study, a tank-top was selected as an experimental garment. For virtual garment simulation, the DXF pattern files (a 2D pattern) made by Gerber AccukMark were imported into OptiTex software.
The 2D basic pattern in a standard size 8 (ASTM 5585) was made and graded by using the Gerber AccuMark PDS system. An alteration rule was created and applied to make patterns that fit individual consumers. The individual patterns made using the alteration rule were exported into DXF AAMA format files and these DXF files were imported into OptiTex software. Then, the 2D patterns were sewn by using a 3D virtual stitch tool and the 3D garment developed from the 2D pattern was simulated on the 3D avatar.〈Fig. 2 (a)〉illustrates the positioning of pattern pieces around the avatar;〈Fig. 2 (b)〉shows the particle simulation process in progress; and〈Fig. 2 (c)〉illustrates the completed virtual garment simulation.
The virtual garments made by this process were simulated on the direct and manual virtual avatar.
Finally, the fit and appearance of two virtual garments on the direct and manual virtual avatar were
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-1363 - To compare the direct avatar and manual avatar, the image of the manual virtual avatar (virtual twin) was overlapped on the direct virtual avatar (virtual me) (Fig. 4) . And then the differences (DF) of the sizes between two virtual avatars of subject 1 were compared in the front and side view. The different 
)S u b j e c t2
〈Fig. 5〉presents the real body image (a), the direct avatar image (b), and the manual avatar image (c) with subject 2. The image of the manual virtual avatar was overlapped on the direct virtual avatar and the differences (DF) of the sizes between two virtual avatars of subject 2 were compared in the front and side view. 〈Fig. 6〉shows the overlapped images between direct and manual virtual avatars of subject 2.
In the front view, the direct avatar has a protrusive shape at high hip and hip and the manual avatar doesn't have a protruded shape. The back of
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-1365 - 
.C o mp a r i s o no fT w oV i r t u a lG a r me n t so nt h e
Di r e c ta n dMa n u a lA v a t a r s
)S u b j e c t1
〈Fig. 7〉shows the virtual garment on the direct avatar and the virtual garment on the manual avatar for subject 1. As shown in the side view in〈Fig. 7
(b)〉 , the bust of the virtual garment on the manual avatar was more projected than that of the virtual garment on the direct avatar, and the center front silhouette of the virtual garment on the manual avatar created a perpendicular angle on the whole.
Meanwhile, the center front silhouette of the virtual garment on the direct avatar was diagonally inclined.
This seems to have been because the bust of the manual virtual avatar projected +1.2 inch (front bust DF) more than that of the direct virtual avatar.
The difference in the virtual garment shapes according to body shape was also examined, as shown in 〈Fig. 8〉 , which illustrates the ease between transparent virtual garments and virtual avatars. As shown in the front view in〈Fig. 8 (b)〉 , the ease of the virtual garment on the manual avatar (b) at the bust was smaller than that of the virtual garment on the direct avatar (a). In the side view, the ease of the virtual garment on the manual avatar (b) at the front waist and front abdomen is smaller than that of the virtual garment on the direct avatar (a). It seems that reason is that the front waist of the manual avatar is larger dimension (DF= +0.8 inch) than that of the direct avatar and the front abdomen of the manual avatar is larger dimension (DF= +0.1 inch) than that of the direct avatar. 〈Fig. 9〉 shows a map of the distance values between virtual avatar and garment. In this figure, the on the manual avatar. The gray color area was concentrated in the protruding bust area in the case of the virtual garment on the manual avatar ( Fig. 9 (b) ), which showed that the distance (or ease) was small in that area. 〈Fig. 10〉 shows the stretch, that is, the amount of fabric expansion in two virtual garments on the direct and manual avatars. In this figure, the bright color (ex. white) indicates a low stretch value and the dark color (ex. black color) indicates a high stretch value. The stretch values ranged from 1.11% to 0.45% in the case of the virtual garment on the direct avatar and from -1.42% to 0.25% in the case of the virtual garment on the manual avatar. In〈Fig. 10〉 ,
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-1367 - In virtual garment on the manual avatar ( Fig. 13 (b)), the gray color area was roundly and prominently concentrated in the bust area and the back area (from neck to syce depth). It means that the ease of these areas was small in virtual garment on the manual avatar. In virtual garment on the manual avatar, the back area was more projected, and the front center line was more inclined than in virtual garment on the direct avatar.
This seems to have been because the manual virtual avatar of subject 2 had the scye depth area was more projected and angled backward than that of the direct virtual avatar. 〈Fig. 14〉 shows the stretch map images of two virtual garments on the direct and manual avatars.
The stretch values ranged from -1.13% to 0.33% in the case of virtual garment on the direct avatar, and from -2.08% to 0.12% in the case of virtual garment on the manual avatar. These results also revealed that the ease in the scye depth area of virtual garment on the manual avatar (from the cervical vertebra to the scye upper edge) was small, so that the stretch value was high.
These results indicated that the fit and appearance of the virtual garments on the direct and manual virtual avatars differed. The ease and stretch of virtual garments varied according to the body shapes of the 
Ⅳ. Conclusion
In this study, 3D virtual garments were simulated on direct and manual virtual avatars. The direct virtual avatar was made by using 3D body scan data and the manual virtual avatar was made by using body measurements. The 2D pattern was imported into Optitex software and was sewn by virtual stitch to make the 3D pattern. The 3D virtual garment made through this process was simulated on the direct and manual avatars. And then, the fit and appearance of two virtual garments were evaluated by distance, transparency, and stretch map.
The results of this study are summarized as follows.
First, in case of subject 1, the bust and back of the manual avatar are protruded slightly more than that of the direct avatar and the manual avatar is slightly larger dimensions at the bust, waist, abdomen, and hip area in the side view. In case of subject 2, the back of the manual avatar are protruded more than that of the direct avatar and the manual avatar is slightly larger dimensions at the bust, waist, abdomen, and hip area in the side view.
Second, in the case of subject 1, the ease in the bust area of the virtual garment on the manual avatar with a projected bust area was smaller than that of the virtual garment on the direct avatar. The stretch of the virtual garment on the manual avatar was also high in the bust area.
Third, in the case of subject 2, a more projected back (from neck to syce depth) and a more diagonal front center line were found in the virtual garment on the manual avatar with a more projected back and a backward-leaning posture than in virtual garment on the direct avatar. This study evaluated the fit and appearance of virtual garments on virtual avatars, which are often used in online apparel shopping using virtual garment simulation technology. In light of the issues that were identified, it is clear that 3D virtual avatar and virtual garment technology needs further development in the future.
In future studies, the real and virtual garment tryon needs to be comparatively evaluated by using various body shapes and garment items, in order to improve the applicability of the 3D virtual try-on system.
